IntroductIon
The genus Bubalus was widely distributed in Europe and southern Asia in the Pleistocene age, but was later restricted to the Indian subcontinent and Southeast Asia (Mason 1974) . Today, the Asiatic Wild Water Buffalo Bubalus arnee (Bubalus bubalis Groves 1981) occurs in India, Nepal, Bhutan, Myanmar, Thailand and Cambodia. They are associated with wet grasslands, swamps and densely vegetated river valleys. They have been extirpated in Pakistan, Bangladesh, Laos and Vietnam. Nepal's only population thrives in the Koshi Tappu Wildlife Reserve (KTWR) which is located on the floodplain of a snow-fed perennial river, Koshi, a tributary of Ganga. The KTWR was gazetted in 1976 to preserve the habitat for the only remaining population of Bubalus arnee here as Arna in Nepal. This species is categorized as Endangered (Hedges et al. 2008 ) on the IUCN Red List.
The wild water buffalo is highly endangered, with a world population considered by FAO to be certainly fewer than 4000 animals (Scherf 2000) . Scherf (2000) indicated that small isolated populations may remain in the Koshi Tappu Wildlife Reserve (Nepal), Bastar and Raipur districts of Madhya Pradesh and Manas Wildlife Sanctuary/Project Tiger Reserve (India), Royal Manas National Park (Bhutan), and Huai Kha Khaeng Wildlife Sanctuary (Thailand), as these populations are believed to have been least affected by interbreeding with domestic and/or feral buffalo. Flamand et al. (2003) confirmed eight out of 10 wild buffalo samples to be of pure wild variety genetically at KTWR. The census of Arna in KTWR has been carried out since 1976 and till now five censuses have been conducted at four uneven intervals over a 34-year period. The most recent census was in 2004 that estimated a population of 159 wild buffalo, and a highly backcrossed, semiferal population of 49 animals (Heinen & Kandel 2006) . The global and national status of this species as documented by IUCN's Asian Wild Cattle and Buffalo Specialist Group and the American Zoo Association suggested that appropriate management is of the highest conservation priority.
The KTWR has faced Reserve-people conflicts since its establishment.
The effect of human disturbance varies greatly, depending on the nature and its intensity. Therefore, realizing the above situation, the Government of Nepal in 2004, declared a surrounding area of 173.5km 2 as a buffer zone. This is one of the country's innovative strategies for participatory conservation, emphasizing a buffer zone mechanism designed to reduce the adverse impact of protected areas on the livelihoods of local communities and vice versa. The total human population of the buffer zone in 2009 was 93,323 from 16,280 households. As mandated by the Buffer Zone Management Regulations, the buffer zone is entitled to receive a 50% share of the revenue generated by the KTWR for community development activities. The money received is channeled through the user groups. These user groups are formed at the settlement level and are responsible for the planning, management and supervision of the activities implemented.
The Koshi River meanders and passes through the KTWR. The river not only shapes the physical features of the region, but also modifies the ecosystem of the area and has profound impact on the socio-economic characteristics of the local communities of the buffer zone residents. The Koshi River, which changes its course quite rapidly across years, changed its main course dramatically during the monsoon of 2008 and breached a 2km stretch and entered the human settlements through Kushaha Village (Khatri et al. 2010a ). This sudden shift in the course of Koshi River has had a profound effect in the physical landscape and subsequent impacts towards human settlement and their agricultural fields. Large tracts of forest near Prakashpur Village and grasslands in the eastern part of the region were totally washed away. The Koshi breach brought untold misery and loss to the lives of people, not only of Nepal but also of India. After the breach of the eastern embankment, efforts were made to revert the main channel back to its original course by employing over hundreds of heavy machines and equipments backed by a strong fleet of over 1000 personnel for a period of over one year. The Reserve had to cope with all the externalities like temporary settlements within the reserve, supply of fuel wood and fodder, excessive use of local resources by both local people as well as by the construction company that was engaged in the repair and maintenance work of the breached embankment. During the course of repair and maintenance, six male Arna were moved 5km south of the barrage (in Gobargarha Village) from their habitat due to the high level of disturbance. During this period, the reserve had to bear the brunt of this natural disaster.
During the period of political instability and conflict, all the security posts were damaged and the security personnel were withdrawn and merged within the reserve headquarters, Kushaha. As a result, law enforcement became very weak due to which encroachment, illegal grazing, harvesting of resources became rampant.
The main threat to the wild buffalo is the continued mixing and mingling of the wild and the domestic stocks resulting in hybridization. In addition, as a result of the Koshi flood of 2008, there were speculations of a wide scale loss of this species. Therefore, to ascertain the status, a census was conducted jointly by the Department of National Parks and Wildlife Conservation (DNPWC) and the Conservation and Sustainable Use of Wetlands in Nepal (CSUWN).
Here we report the current findings and compare it with earlier censuses. Furthermore, we have assessed the current management practices to provide future management guidance. (Fig. 1) . The flood plain is a complex mosaic of lotic and lentic ecosystems, characterized by grassy marshes, oxbow lakes, swamp lakes and many depressions which retain water throughout the year.
The KTWR has subtropical climate and its topography ranges from 75-100 m. It covers a 175km 2 core area and a 173.5km 2 buffer zone consisting of 16 VDCs (Village Development Committees) that spread across three districts of Sunsari, Saptari and Udayapur.
The KTWR was established in 1976 and designated as the first 'Ramsar site' of Nepal in 1987 because of its extensive wetlands which accommodate wintering waterfowl of international importance. It is subject to extreme flooding from June to September. Over 80% of the area is dominated by grasses (e.g. Typha sp., Vetivera sp., Phragmites sp., Saccharum sp., etc.) and beaches, with forests of Bombax sp., Dalbergia sp. and Acacia sp. elsewhere (Sah 1997).
Methods
The study area in general was assessed and explored to get an overview to design the strategies and methodologies for the count. Additionally, local consultations, information from the reserve staff and from past population surveys was gathered. Based on these exercises, the block count method (Skinner & Smithers 1990) was employed. The count was carried out both by foot and with the use of elephants. The census was conducted in April-May 2009, when visibility was the highest and water discharge was at the lowest. A repeat count was done for three consecutive days.
The KTWR is rectangular in shape, where Sapta It has open grassland and small patches of Khair/Sisso forest. This block also has heavy grazing pressure. At least 1km stretch along the western boundary has been encroached on for agricultural practices as well.
A complete sweep through the direct count method was employed in each block. A total of 60 surveyors were spread across different blocks with the distance kept visible to each other during the movement. Binoculars, camera and global positioning system (GPS) were used as and when required during the survey.
The wild buffalo was recognized by the behavioural and phenotypic traits such as white chevron, socks and tip of tail, and larger, relatively straight, pale-coloured horns (similar to swamp buffalo). These criteria for identifying wild buffalo from feral backcrosses were also used in earlier studies (Dahmer 1978; Heinen 1993a; Heinen & Singh 2001; Heinen 2002; Heinen & Kandel 2006) .
The population growth rate was calculated per capita per time period by the exponential growth formula r i = ln(N j /N k )t (Heinen & Kandel 2006) , where r i = growth rate calculated for that time interval, ln = natural logarithm, N j = population size at the end of the interval, N k = population size at the beginning of the interval, and t = number of years in the interval.
Focus group discussion: In order to identify the existing threats and challenges to the existing population, a focus group discussion was conducted in addition to field observation. The group discussed different issues and their opinions towards measures to minimize local threats were documented.
results
The current study recorded a total of 219 wild water buffaloes (Table 1 and 2). Block A area comprised of a large herd of Arna with a single dominant male, its offspring including a subadult male group of seven and some isolated single males. The largest number of Arna was recorded from this block (Table 1) . In Block B, the second largest herd of Arna was recorded. A small herd of subadult males and some isolated single males were also recorded. Only small herds of Arna were present in block C and block D. The population growth (r i ) over a 34-year time period is 0.037 ( Table  3 ). The population structure of Arna in KTWR from 1976 to 2009 (Table 2) shows that the calf to cow ratio is on a continuous decreasing trend. The ratio is a function of calve birth and survival in the first year. Therefore, the trend raises conservation concerns.
The feral and domesticated livestock were found to be in high numbers during this study, especially in block C and D (Table 4 ). The number of backcrossed buffalo was high in 2000 it sharply decreased in 2004 but again increased in 2009 (Table 5) . 
dIscussIon
The two large herds of block A and B that were recorded in this census were also recorded by the previous surveys (Heinen 1993b; Heinen & Singh 2001; Heinen 2002; Heinen & Kandel 2006) . These herds of blocks A & B which consist of females and calves were considered to be pure wild stock (Heinen & Kandel 2006) . These herds have remained in their original form since decades; this could be due to better protection afforded through the presence of range posts and security posts in the vicinity. There is regular patrolling in these blocks. In contrast, blocks C and D have high disturbance due to grazing and other human activities. As a result, a low number of Arna was recorded from these blocks.
The population growth (r i ) over a 34-year time period was high overall but variable for blocks of 9-12 years. The adult sex ratio was female-biased in 1976, 2004 (Heinen & Kandel 2006) and again in 2009, but male-biased in the three intervening censuses. Most large mammal populations have female-biased adult sex ratios (Bronson 1989; Heinen & Kandel 2006) .
The calf/cow ratio has reduced significantly over the whole time period. The calf/cow ratio reported for Arna in KTWR in all cases are consistent with the known range of natural inter birth intervals for domestic buffalo recorded in various studies and this census also shows the trend going down in calf/ cows ratio (<2 to >3 years; Cockrill 1974 ). Thus, the apparent decline in calf/cow ratio, is possibly attributed either due to the decline in birth rate or decline of the breeding populations; or increase in poaching or theft of Arna calf or death due to other reasons. The population of feral cattle was found to be higher than the estimated population in 2000 (Heinen & Singh 2001) which could be attributed to the lack of law enforcement/proper management. Mostly feral cattle were concentrated in blocks C and D, i.e., in the west of Koshi River as there was no law enforcement due to the absence of Range Posts and Security Posts. In these blocks, a large number of livestock are competing for food with Arna at the same time there is a high risk of disease transmission. Mortality from flooding, road accidents, poisoning and retaliatory killing and the transmission of diseases from domestic and feral livestock are some of the major threats for wild buffaloes. The practice of cross breeding with wild males is still a common practice.
The KTWR has had conflicts with local communities since its establishment (Heinen 1993b) . The people living closer to KTWR are more likely to reveal negative attitudes towards conservation. Educated people and farmers have a positive conservation attitude to some extent while the households with poor socio-economic status and greater dependence on the KTWR for firewood, fodder and raw materials possess a more negative attitude towards conservation (Shrestha & Alavalapati 2006) . Poor households are less concerned about conservation, and institutional settings and abject poverty near protected areas appear to affect their attitudes. Therefore, for the sustainable management of KTWR and local support for natural resource conservation, socio-economic development has been initiated since the mid-1990s. The Park People Project (PPP), and Buffer Zone Policy, under implementation, has been effective in several ways (Heinen & Mehta 2000; Budhathoki 2004; Heinen & Kandel 2006 ) and many villages have benefited from the programs. This was continued by Participatory Conservation Project (PCP) and recently by CSUWN project to improve reserve-people discords by working together to realize the twin objective of conservation and development.
The political instability due to the Maoist conflict had affected conservation programmes nationwide especially since 2000 (Baral & Heinen 2006; Heinen & Shrestha 2006) . The political instability was probably a factor in the decline of the population growth rate (Heinen & Kandel 2006) , but the recent survey showed a positive trend in the growth. The Maoist conflict created a volatile political situation (Thapa 2003) wherein the security units no longer patrolled the Reserve. Subsequently, the peace process was established in the country after a decade long political conflict, the management of the Reserve has also been improving. Recently, the KTWR management has restored a security post at Pathri, Saptari side, which has bolstered the law enforcement regime on the western side. Necessary process is underway to reinstate other security posts in other locations as well.
With the support of CSUWN project, a number of conservation and livelihood interventions have been undertaken to safeguard the biodiversity, particularly the wild buffalo population in the KTWR. The management plan of KTWR was finally approved in 2010 after a long period. This approval has entitled the buffer zone communities to receive 50% of the revenue earned by the KTWR for community development. Table 6 shows the flow of visitors and revenue earned. There is a progressive flow of tourists both locals and foreigners into the reserve area. By 2011, the Reserve has been able to earn a total of NPR 11,75,933 compared to the year 2006, where only NPR 395,891 was generated. After the approval of the management plan the revenue has shot up to NPR 671,097; double the figure earned in the year 2006. The decrease in the revenue in the year 2009 is attributed to the aftermath of the floods that occurred in September 2008, after a 2-km stretch of the Koshi River embankment was washed away by the flood resulting in the vast inundation of the eastern stretch of the reserve including human settlements and agricultural lands. The revenue generation is largely dependent on the flow of tourism therefore different protected areas have different amounts of revenue collection. The challenge exists for the protected areas that are resource poor, even though they are as important for conservation as the highly visited areas. One way to address the resource gap would be to create a basket fund in which revenue generated from resource-rich protected areas could be used to support neighbouring areas that are resource poor (Khatri 2010b) . But it remains to be seen whether the stakeholders of the resource-rich protected areas would be willing to share their revenue with others in the long term.
In order to reduce crop depredation by wild animals, a solar powered electric fence has been erected in the high impact zone of the eastern sector of the KTWR. This initiative has significantly reduced the existing local discord among the local communities and the reserve management. Similarly, with the erection of the electric fence, no reports of crop depredation have been reported in that area particularly by wild buffaloes and elephants. Similarly, sustained management interventions including a community based antipoaching drive by mobilizing local youths, buffer zone communities, local teachers and eco-clubs has brought a positive impact towards the evacuation of feral cattle (cows and buffaloes) from the reserve. The reserve management with the active support of local communities has been able to collect a total of NPR 128,000 from the penalties by confiscating a total of 426 cattle (both buffaloes and cows) from the Reserve. This was the first evacuation drive ever conducted by the reserve as it is still a highly contested political issue. As a result, Table 7 shows the reduction in the number of feral and domesticated cattle recorded in the reserve. Since, no forest resources exist outside of the reserve there is a high level of grazing pressure from both feral as well as domestic stock.
A multipronged approach towards reducing the herd size of the dometic livestock by replacing it with a more productive one together with the promotion of stall feeding practice would eventually reduce the pressure on the reserve. To address the above situation, KTWR has been promoting block plantation along the western boundary of the reserve in order to create a green belt to allow local people to collect fodder for their livestock, thus discouraging illegal grazing.
With the mix of alternative options of creating a utility zone for rotational cattle grazing and fodder collection backed by a strong law enforcement regime will ultimately offset the current pressure exerted on the reserve.
Under the aegis of CSUWN project, a tourism development strategy has been explored to look into the possibilities of how to develop tourism products that could benefit local people and to develop local stewardship towards conservation. Likewise, various livelihood improvement activities for wetland dependent communities such as fisheries, poultries, and wetland based green enterprise, vegetable farming, have been supported to improve the socio-economic condition of the people.
The current increase in the population doesn't provide solace, as there are a number of challenges to the long term survival of this species. A multipronged approach of conservation and development by mobilizing the buffer zone communities backed by a strong law enforcement regime would create an ideal environment to address the current management issues and concerns related to protection and conservation. The first priority should be towards enhancing conservation and harnessing the byproducts of conservation for local benefit. 
